We consider the branching ratio of b → sγ in gauge mediated supersymmetry breaking theories. Useful bounds on the parameter space of these models are derived from the experimental bounds on b → sγ. Constraints on masses of NLSP are presented as a function of tan β and M/Λ for µ < 0 and µ > 0.
There has been a tremendous recent interest in the phenomenological implications of gauge mediated supersymmetry breaking theories [1] [2] [3] [4] [5] . These theories are characterized by gravitino as the lightest supersymmetric particle(LSP) and have signatures for supersymmetry which are distinct from the usual minimal supersymmetric standard model(MSSM). The interest in these theories is especially heightened because of the possible explanation of the peculiar event seen at CDF with final state containing e + e − γγ [6] and missing transverse energy. A successful explanation of this event requires the neutralino to be the next to lightest supersymmetric particle (NLSP). Whether or not this explanation withstands the test of time, it would seem important to examine in detail the mass constraints on NLSP that ensue in these models from the rare decay b → sγ where SUSY contributions occur in one loop diagrams. Although some preliminary work exists in special cases [3] , ours is the first comprehensive study in the full allowed parameter space.
We shall analyze b → sγ in the gauge mediated SUSY breaking model in the whole range of combinations of Λ and M (where Λ is the effective SUSY breaking scale and M is the messenger scale), the number n of (n 5 +n 5 ) pairs, and a range of tan β starting from small values to large values. We take Λ ∼ O(100T eV ) since soft SUSY breaking scalar masses are then of the order of the weak scale. The parameter is M ≥ Λ. There could be a large hierarchy M >> Λ [5] , however the upper bound of the gravitino mass ∼ 1 KeV restricts the M/Λ < 10 4 [7] . The number of pairs n is restricted to 4 by the perturbative unification for gauge singlets, and 4/3, 3/4, and Y 2 for the fundamental representations of SU(3) and SU(2).
The messenger-scale threshold functions [4] g
f (x) = 1 + x x 2 log(1 + x) − 2Li 2
have the property that g(x), f (x) → 1 as x → 0, or Λ ≪ M. In this limit, the expressions (1) and (2) take the characteristic simple forms [1] that are often associated with gauge-mediated models. The region Λ → M corresponds to x → 1, where g(1) ≃ 1.4 and f (1) ≃ 0.7.
Equations (1) and (2) serve as boundary conditions for the renormalization group equations at the messenger scale, M. They give rise to predictions for the soft supersymmetrybreaking gaugino and scalar masses, once Λ is specified. Also, we do not choose a particular model for µ. Note that the soft Higgs mass parameters m Our approach is as follows. We require that electroweak symmetry be radiatively broken.
We use α s = 1.20, sin 2 θ w = 0.2321 and α = 1/127.9 at the weak scale as the gauge coupling inputs. We first go up to the messenger scale M with gauge and Yukawa couplings, and fix the sparticle masses with the boundary conditions (1) and (2). We next go down with the 6× 6 mass matrices for the squarks and sleptons to find the sparticle spectrum for large as well as small tan β. We use the RGE's given in the reference [8] . We will use two extreme values of tan β equal to 3 and 42 (for n = 1) for illustration. It is interesting that in the case of tan β = 3 neutralino is the NLSP(next to lightest SUSY particle) for all values of M > Λ;
however for tan β = 42, either the stau or the neutralino is the NLSP depending on whether µ and M/Λ are small or large. For n = 2, however stau can be NLSP even for the small tan β for the lower ratios of M/Λ. When stau is the NLSP, these models can not explain "the" Ref. [9] . Recent attempts to make partial corrections in the next to leading order [10] do not indicate any large terms. Contributions from various supersymmetric contributions are given in a generic form in Ref. [11] . We use our calculated mass spectrum and the couplings to calculate b → sγ rate. The results depend on Λ, M, tan β, n and sign of µ. We shall use more physical variables tan β, µ, sign of µ, M/Λ and n. Our figures are for the minimal case of n = 1, and we shall remark on the situation for higher n. The total amplitude has contribution from the W-loop, charged Higgs (
loop and the gluino (g) loop. We find that the neutralino and the gluino contributions to In Fig 2a, 2b we consider two cases in scenario (b), for positive and negative µ respectively. The left ends of the curves correspond to the lowest chargino mass bound which we have taken to be around 75 GeV. In these cases, chargino contribution is very small. The variation with M is also small. We then find that the CLEO constraint leads to µ > 460
GeV for positive µ and |µ| > 426 GeV for negative µ when M = 1.1Λ.
Constraints on µ can be translated into bounds for the masses of supersymmetric particles. We are interested in displaying these bounds for the masses of NLSP. In Fig 3a. we For n = 2, the constraint on the NLSP mass is higher, e.g. for tan β = 3, lowest mass for the stau (since it is the NLSP) allowed by CLEO data would be 128 GeV when µ < 0 and M = 1.1Λ, however for M = 10 4 Λ the lowest mass allowed for the NLSP is 72 GeV and it is neutralino. Almost the same thing happens for µ > 0, the lowest stau mass allowed is 136
GeV for M = 1.1Λ and the lowest neutralino mass is 115 GeV for M = 10 4 Λ. We also have the same conclusion for the tan β = 42, i.e the lowest mass for the stau (since it is the NLSP) allowed by CLEO data would be 83 GeV when µ < 0 and M = 1.1Λ, however for M = 10 4 Λ, there is no bound on the NLSP (stau), for µ > 0, lowest stau mass(NLSP) allowed is 183
GeV for M = 1.1Λ and the lowest stau mass (NLSP) is 201 GeV for M = 10 4 Λ. We have assumed the value of 175 GeV for the top running mass. The results are rather insensitive to this mass. A variation of 5 % in mass results in the change of branching ratio of less than 1%.
In conclusion, we have used the CLEO bound on the branching ratio for b → sγ to limit the parameter space of the gauge mediated supersymmetry breaking models. We have found useful bounds on masses of NLSP. We also have found that for positive µ, irrespective of tan β, µ is restricted to large values. Since this raises the problem of fine tuning, our analysis
shows that gauge mediated model generally favors negative µ solutions. When µ is negative the available parameter space increases with the ratio of M/Λ. In the near future, with an improved bound on the branching ratio for b → sγ, it will be possible to put more severe constraints on the parameter space.
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